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EP 1 080 271 B1 

Description »* 

[0001 ] This invention relates to papermaking and more specifically to a process for the production of paper in which 
a cationic or amphoteric polysaccharide containing hydrophobic substitution is added to a papermaking stock. The 
5 process provides improved drainage and retention as well as improved dry strength of the paper produced by the 
process. 

Background 

io [0002] In the papermaking art, an aqueous suspension containing cellulosic fibres, and optional fillers and additives, 
referred to as stock, is fed into a headbox which ejects the stock onto a forming wire. Water is drained from the stock 
through the f Oiming wire so that a wet web of paper is formed on the wire, and the web is further dewatered and dried 
in the drying seci.on of the paper machine. Water obtained by dewatering the stock, referred to as white water, which 
usually contains fine particles, e.g. fine fibres, fillers and additives, is usually recirculated in the papermaking process. 

is Drainage and retention aids are conventionally introduced into the stock in order to facilitate drainage and increase 
adsorption of fine particles onto the cellulosic fibres so that they are retained with the fibres on the wire. Cationic and 
amphoteric polysaccharides like cationic starch and cationic guar gums are widely used as drainage and retention 
aids. The polysaccharides can be used aione or in combination with other polymers and/or with anionic microparticulate 
materials such as, for example, anionic inorganic particles like colloidal silica. Cationic and amphoteric polysaccharides 

20 are also widely used as dry strength agents which are introduced into the stock to produce paper with improved dry 
strength. 

[0003] Cationic polysaccharides are usually prepared by the reaction of a polysaccharide with a quatemising agent, 
e.g. 3-chloro-2-hydroxypropyl trimethylammonium chloride, 2,3-epoxypropyl trimethyl ammonium chloride, and 2-chlo- 
roethyl trimethyl ammonium chloride. 
25 [0004] US - A - 3,562,1 03 discloses cationic starch substituted with benzyl or phenyl groups used as beater additives. 
[0005] U.S. -A- 4,388,150; 4,755,259; 4,840,705; 4,961,825; 5,127,994; 5,643,414; 5,447,604; 5,277,764; 
5 : 607,552; 5,603,805; and 5,858,1 74; and EP-A-500,770 disclose the use of cationic and amphoteric polysaccharides 
and anionic inorganic particles as stock additives in papermaking. These additives are among the most efficient drain- 
age and retention aids now in use. 

30 

The invention 

[0006] According to the present invention it has been found that improved drainage and retention can be obtained 
in the manufacture of paper by using a drainage and retention aid comprising a cationic and/or amphoteric polysac- 

35 charide containing a hydrophobic group substituent, i.e. a hydrophobe. It has also been found that the cationic and/or 
amphoteric polysaccharide containing a hydrophobic group provides improved dry strength of the paper. More specif- 
ically, the present invention relates to a process for the production of paper from a suspension containing cellulosic 
fibres, and optional fillers, which comprises adding to the suspension a drainage and retention aid comprising a cationic 
or amphoteric polysaccharide, forming and dewatering the suspension on a wire, wherein the polysaccharide has a 

40 hydrophobic group which comprises an aromatic group and the suspension that is dewatered on the wire has a con- 
ductivity of at least 0.75 mS/cm.The invention further relates to a process for the production of paper from a suspension 
containing cellulosic fibres, and optional fillers, comprising adding to the suspension a drainage and retention aid 
comprising a cationic or amphoteric polysaccharide and a component selected from anionic microparticulate materials, 
water-soluble anionic vinyl addition polymers and combinations thereof, forming and dewatering the suspension on a 

45 wire, wherein the polysaccharide has a hydrophobic group comprising an aromatic group or the polysaccharide has 
the general structural formula (I): 



R, (0 

I x- 

P_<-A — N*— 

■ 

wherein P is a residue of a polysaccharide: A is a group attaching N to the polysaccharide residue; R n and R 2 are each 
H or alky I having from 1 to 3 carbon atoms; R 3 is a hydrophobic hydrocarbon group containing at least 2 carbon atoms; 
n is an integer from 2 to 300,000, or, alternatively, R 1f R 2 and R 3 together with N form an aromatic group containing 
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from 5 to 12 carbon atoms; and X- is an anionic counterion and the suspension that is dewatered on the wire has a 
conductivity of at least 0.75 mS/cm. In a preferred aspect of the invention, the process further comprises forming and 
dewatering the suspension on a wire to obtain a wet web containing celiuiosic fibres, or paper, and white water, recir- 
culating the white water and optionally introducing fresh water to form a suspension containing celiuiosic fibres, and 

5 optional fillers, to be dewatered to form paper, wherein the amount of fresh water introduced is less than 30 tons per 
ton of dry paper produced. The invention thus relates to a process as further defined in the claims. 
[0007] The process of this invention results in improved drainage and/or retention and hereby the present process 
makes it possible to increase the speed of the paper machine and to use lower a dosage of additive to give a corre- 
sponding drainage and retention effect, thereby leading to an improved papermaking process and economic benefits. 

10 Further benefits observed with the present invention include improved dry strength of the paper produced using the 
polysaccharide having a hydrophobic group. Hereby it is possible to use lower a dosage of dry strength agent to give 
& corresponding paper dry strength effect. The process of this invention is suitably used for the treatment of celiuiosic 
suspensions in closed mills wherein the white water is repeatedly recycled with the introduction of only low amounts 
of fresh water. The process is further suitably applied to papermaking processes using celiuiosic suspensions having 

15 high salt contents, and thus having high conductivity levels, for example processes with extensive white water recycling 
and limited fresh water supply and/or processes using fresh water having high salt contents. 

[0008] The polysaccharide according to this invention can be selected from any polysaccharide known in the art 
including, for example, starches, guar gums, celluloses, chitins, chitosans, glycans, galactans, glucans, xanthan gums, 
pectins, mannans, dextrins, preferably starches and guar gums. Examples of suitable starches include potato, com, 

20 wheat, tapioca, rice, waxy maize, etc. Suitably the cationic polysaccharide is water-dispersable or, preferably, water- 
soluble. In a preferred embodiment of this invention, the polysaccharide is capable of functioning as a drainage and 
retention aid (agent). The term "drainage and retention aid", as used herein, refers to one or more components (aids, . 
agents, or additives) which, when being added to a stock, give better drainage and/or retention than is obtained when 
not adding the said one or more components. In another preferred embodiment of this invention, the polysaccharide 

25 is capable of functioning as a dry strength agent. The term "dry strength agent" , as used herein, refers to at least one 
component (aid, agent or additive) which, when being added to a stock, give better dry strength of the paper produced 
than is obtained when not adding the said component. 

[0009] The polysaccharide is a hydrophobe substituted, cationic or amphoteric polysaccharide, i.e. a polysaccharide 1 " 

having one or more hydrophobic groups and one or more cationic groups, the cationic groups suitably being tertiary 

30 amino groups or, preferably, quaternary ammonium groups. The polysaccharide may also contain one or more anionic 
groups which can be, for example, phosphate, phosphonate, sulphate, sulphonate orcarboxylic acid groups and they 
are preferably phosphate groups. If present, the anionic groups can be native or introduced by means of chemical 
treatment in conventional manner; native potato starch contains a substantial amount of covalently bound phosphate , 
monoester groups. In amphoteric polysaccharides, cationic groups are preferably present in a predominant amount. 

35 [0010] The hydrophobic group of the polysaccharide can be attached to a heteroatom like oxygen present in the j\ 
polysaccharide. Preferably, the hydrophobic group is attached to a heteroatom, e.g. nitrogen or oxygen, the heteroatom 
optionally being charged, for example when it is a nitrogen, or a group comprising such a heteroatom, e.g., amide, 2, 
ester or ether, which, in turn, can be attached to the polysaccharide backbone (main chain), for example via a chain u < 
of atoms. The hydrophobic group has at least 2, usually at least 3, suitably at least 4 and preferably at least 6 carbon 

*o atoms; and usually up to about 20, suitably up to 14 and preferably up to 12 carbon atoms. The hydrophobic group 
can be selected from aromatic (aryl) groups, aliphatic hydrocarbon groups, and mixtures of such groups. Examples of 
suitable hydrophobic aliphatic groups include linear, branched and cyclic alkyl groups like ethyl; propyl, e.g. n-propyl 
and iso-propyl; butyl, e.g. n-butyl, isobutyl and t-butyl; pentyl, e.g. n-pentyl, neo-penyl and iso-pentyl; hexyl, e.g. n- 
hexyl and cyclohexyl; octyl, e.g. n-octyl; decyl, e.g. n-decyl; and dodecyl, e.g. n-dodecyl; and tetradecyl. Examples of 

45 suitable aromatic groups and groups comprising an aromatic group include aryl and aralkyl groups, e.g. phenyl, phe- 
nylene, naphthyl, phenylene, xylylene, benzyl and phenylethyl; nitrogen-containing aromatic (aryl) groups, e.g. pyrid- 
inium and quinolinium, as well as derivatives of these groups where one or more substituents attached to said aromatic 
groups can be selected from hydroxyl, halides, e.g. chloride, nitro, and hydrocarbon groups having from 1 to 4 carbon 
atoms. 

50 [0011] Particularly suitable polysaccharides according to the invention include those comprising the general struc- 
tural formula (I): 



55 
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R, (I) 
I * 
P-(-A — N + — R,) n 
I 

wherein P is a residue of a polysaccharide; A is a group attaching N to the polysaccharide residue, suitably a chain of 
10 atoms comprising C and H atoms, and optionally O and/or N atoms, usually an alkylene group with from 2 to 18 and 
suitably 2 to 8 carbon atoms, optionally interrupted or substituted by one or more heteroatoms, e.g. O or N, e.g. an 
alkyleneoxy group or hydroxy propylene group (- CH 2 - CH(OH) - CH 2 - ); R., and R 2 are each H or, preferably, a 
hydrocarbon group, suitably alky!, having from 1 to 3 carbon atoms, suitably 1 or 2 carbon atoms; R3 is a hydrophobic 
hydrocarbon group containing at least 2 carbon atoms, suitably 4 to 14 and preferably 6 to 12 carbon atoms, the 
15 hydrophobic group suitably being as defined above, preferably a group selected from alkyl and aralkyl groups, e.g. 
benzyl and phenylethyl groups; n is an integerfrom about 2 to about 300,000, suitably from 5 to 200,000 and preferably 
from 6 to 125,000 or, alternatively, R.,, R 2 and R 3 together with N form a aromatic group containing from 5 to 12 carbon 
atoms; and X- is an anionic counterion, usually a halide like chloride. 

[0012] The hydrophobic group modified cationic or amphoteric polysaccharide can have a degree of substitution 
20 varying over a wide range; the degree of cationic substitution (DS C ) can be from 0,01 to 0,5, suitably from 0,02 to 0,3, 
preferably from 0,025 to 0,2, the degree of hydrophobic substitution (DS H ) can be from from 0,01 to 0,5, suitably from 
0 : 02 to 0,3. preferably from 0,025 to 0,2, and the degree of anionic substitution (DS A ) can be from 0 to 0,2, suitably 
from 0 to 0,1 , preferably from 0 to 0,05. 

[0013] The polysaccharides according to the invention can be prepared by subjecting a polysaccharide to cationic 

25 and hydrophobic modification in known manner using one or more agents containing a cationic group and/or a hydro- 
phobic group, for example by reacting the agent with the polysaccharide in the presence of an alkaline substance such 
as an alkali metal or alkaline earth metal hydroxide. The polysaccharide to be subjected to cationic and hydrophobic 
modification can be non-ionic, anionic, amphoteric or cationic. Suitable modifying agents include non-ionic agents such 
as, for example, hydrophobe substituted succinic anhydrides; alkylene oxides, e.g. propylene oxide and butylene oxide; 

30 alkyl halides, e.g. decyl bromide and docecyl bromide; aralkyl halides, e.g. benzyl chloride and benzyl bromide: the 
reaction products of epichlorohydrin and dialkylamines having at least one substituent comprising a hydrophobic group 
as defined above, including 3-dialkyiamino-1 ,2-epoxypro panes; and cationic agents such as, for example, the reaction 
product of epichlorohydrin and tertiary amines having at least one substituent comprising a hydrophobic group as 
defined above, including trialkylamines, alkaryldialkylamines, e.g. dirnethylbenzylamine; arylamines, e.g. pyridine and 

35 quinoline. Suitable cationic agents of this type include 2,3-epoxypropyl trialkylammonium halides and halohydroxypro- 
pyl trialkylammonium halides, e.g. N-(3-chloro-2-hydroxypropyl)-N-(hydrophobic alkyl)-N,N-di(lower alkyl)-ammonium 
chloride and N-glycidyl-N-(hydrophobic alkyl)-N,N-di(lower alkyl)ammonium chloride where the hydrophobic alkyl 
group is as defined above, notably octyl, decyl and dodecyl, and the lower alkyl is methyl or ethyl; and halohydroxy- 
propyl-N,N-dialkyl-N-aIkarylammonium halides and N-glycidyl-N-(alkaryl)-N,N-dialkylammonium chloride, e.g. 

40 N-(3-chloro-2-hydroxypropyl)-N-(alkaryl)-N,N-di(lower alkyl)ammonium chloride where the alkaryl and lower alkyl 
groups are as defined above, particularly N-(3-chloro-2-hydroxypropyl)-N-benzyl-N,N-dimethylammonium chloride; 
and N-(3-ch!oro-2-hydroxypropyl) pyridinium chloride. Generally, when using a non-ionic hydrophobic agent, the 
polysaccharide is suitably rendered cationic by using any of the cationic agents known in the art before or after the 
hydrophobic modification. Examples of suitable cationic and/or hydrophobic modifying agents, hydrophobic group mod- 

45 rfied polysaccharides and methods for their preparation include those described in U.S. -A- 4,687,51 9 and 5,463,1 27; 
WO -A- 94/24169, EP-A- 189 935; and S.P. Patel, R.G. Patel and V.S. Patel, Starch/Starke, 41(1989), No. 5, pp. 
192-196. 

[0014] In a preferred embodiment, the polysaccharide according to the invention is used in conjunction with at least 
one additional stock additive : in particular for further improving drainage and/or retention, thereby forming a drainage 

50 and retention aid comprising two or more components, usually referred to as drainage and retention aids. The term 
"drainage and retention aids", as used herein, refers to two or more components (aids, agents or additives) which, 
when being added to a stock, give better drainage and/or retention than is obtained when not adding the components. 
Examples of suitable stock additives of this type include anionic microparticulate materials, e.g. anionic organic particles 
and anionic inorganic particles, water-soluble anionic vinyl addition polymers, low molecular weight cationic organic 

55 polymers, aluminium compounds, and combinations thereof. In a preferred aspect of this embodiment, the polysac- 
charide is used in conjunction with an anionic microparticulate material, notably with anionic inorganic particles. In 
another preferred aspect of this embodiment, the polysaccharide is used in conjunction with anionic inorganic particles 
and a low molecular weight cationic organic polymer, in yet another preferred aspect of this embodiment, the polysac- 
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charide is used in conjunction with anionic inorganic particles and an aluminium compound. The anionic micropartic- 
ulate material according to the invention can be selected from inorganic and organic particles. 
[0015] Anionic inorganic particles that can be used according to the invention include anionic silica-based particles 
and clays of the smectite type. It is preferred that the anionic inorganic particles are in the colloidal range of particle 

5 size. Anionic silica-based particles, i.e. particles based on Si0 2 or silicic acid, are preferably used and such particles 
are usually supplied in the form of aqueous colloidal dispersions, so-called sols. Examples of suitable silica-based 
particles include colloidal silica and different types of polysilicic acid. The silica-based sols can also be modified and 
contain other elements, e.g. aluminium and/or boron, which can be present in the aqueous phase and/or in the silica- 
based particles. Suitable silica-based particles of this type include colloidal aluminium-modified silica and aluminium 

10 silicates. Mixtures of such suitable silica-based particles can also be used. Drainage and retention aids comprising 
suitable anionic silica-based particles are disclosed in U.S. -A-4,388,150; 4,927,498; 4,954,220; 4,961 ,825; 4,980,025; 
5,127,994; 5,176,991; 5,368,833; 5,447,604; 5,470,435; 5,543,014; 5,571,494; 5,573,674; 5,584,966; 5,603,805; 
5,688,482; and 5,707,493. 

[0016] Anionic silica-based particles suitably have an average particle size below about 50 nm, preferably below 
is about 20 nm and more preferably in the range of from about 1 to about 1 0 nm. As conventional in silica chemistry, the 
particle size refers to the average size of the primary particles, which may be aggregated or non-aggregated. The 
specific surface area of the silica-based particles is suitably above 50 m 2 /g and preferably above 100 rr?/g. Generally, 
the specific surface area can be up to about 1 700 m 2 /g and preferably up to 1 000 m 2 /g. The specific surface area can 
be measured by means of titration with NaOH in known manner, e.g. as described by Sears in Analytical Chemistry 
20 28(1 956): 12, 1981-1983 and in U.S. -A- 5,176,891 . The given area thus represents the average specific surface area 
of the particles. 

[0017] In a preferred embodiment of the invention, the anionic inorganic particles are silica-based particles having 
a specff ic surface area within the range of from 50 to 1 000 m 2 /g, preferably from 1 00 to 950 m 2 /g. Sols of silica-based 
particles these types also encompass modified sols like aluminium-containing silica-based sols and boron-containing 

25 silica-based sols. Preferably, the silica-based particles are present in a sol having an S-value in the range of from 8 to 
45%, preferably from 1 0 to 30%, containing silica-based particles with a specific surface area in the range of from 300 
to 1000 m 2 /g, suitably from 500 to 950 m 2 /g, and preferably from 750 to 950 m 2 /g, which sols can be modified with 
aluminium and/or boron as mentioned above. For example, the particles can be surface-modified with aluminium to a 
degree of .from 2 to 25% substitution of silicon atoms. The S-value can be measured and calculated as described by 

30 ller& Dalton in J. Phys. Chem. 60(1956), 955-957. The S-value indicates the degree of aggregate or microgel formation 
and a lower S-value is indicative of a higher degree of aggregation. 

[0018] In yet another preferred embodiment of the invention, the silica-based particles are selected from polysilicic 
acid and modified polysilicic acid having a high specific surface area, suitably above about 1000 m 2 /g. The specific 
surface area can be within the range of from 1000 to 1700 m 2 /g and preferably from 1050 to 1600 m^g. The sols of 

35 modified polysilicic acid can contain other elements, e.g. aluminium and/or boron, which can be present in the aqueous 
phase and/or in the silica-based particles. In the art, polysilicic acid is also referred to as polymeric silicic acid, polysilicic 
acid microgel, polysilicate and polysilicate microgel, which are all encompassed by the term polysilicic acid used herein. 
Aluminium-containing compounds of this type are commonly also referred to as polyaluminosilicate and poiyalumino- 
silicate microgel, which are both encompassed by the terms colloidal aluminium-modified silica and aluminium silicate 

40 used herein. 

[0019] Clays of the smectite type that can be used in the process of the invention are known in the art and include 
naturally occurring, synthetic and chemically treated materials. Examples of suitable smectite clays include montmo- 
rillonite/bentonite, hectorite, beidelite, nontronite and saponite, preferably bentontte and especially such bentonite 
which after swelling preferably has a surface area of from 400 to 800 m 2 /g. Suitable clays are disclosed in U.S. -A- 

45 4/753,71 0; 5,071 ,512; and 5,607,552. 

[0020] Anionic organic particles that can be used according to the invention include highly cross-linked anionic vinyl 
addition polymers, suitably copolymers comprising an anionic monomer like acrylic acid, methacrylic acid and sulfonat- 
ed or phosphonated vinyl addition monomers, usually copolymerized with nonionic monomers like (meth)acrylamide, 
alkyl (meth)acrylates, etc. Useful anionic organic particles also include anionic condensation polymers, e.g. melamine- 

so sulfonic acid sols. 

[0021] Low molecular weight (hereinafter LMW) cationic organic polymers that can be used according to the invention 
include those commonly referred to and used as anionic trash catchers (ATC). ATC's are known in the art as neutralizing 
and/or fixing agents for detrimental anionic substances present in the stock and the use thereof in combination with 
drainage and retention aids often provide further improved drainage and/or retention. The LMW cationic organic pol- 
55 ymer can be derived from natural or synthetic sources , and preferably it is an LMW synthetic polymer. Suitable organic 
polymers of this type include LMW highly charged cationic organic polymers such as polyamines, polyamidoamines, 
polyethyleneimines, homo- and copolymers based on diallyldimethyl ammonium chloride, (meth)acrylamides and 
(meth)acrylates. The molecular weight of the LMW cationic organic polymer is suitably at least 2,000 and preferably 
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at least 1 0,000. The upper limit of the molecular weight is usually about 700,000, suitably about 500,000 and preferably 
about 200,000. 

[0022] Aluminium compounds that can be used according to this invention include alum, aluminates, aluminium 
chloride, aluminium nitrate and polyaluminium compounds, such as polyaluminium chlorides, polyaluminium sulphates, 
5 polyaluminium compounds containing both chloride and sulphate ions, polyaluminium silicate-sulphates, and mixtures 
thereof. The polyaluminium compounds may also contain other anions than chloride ions, for example anions from 
sulfuric acid, phosphoric acid, organic acids such as citric acid and oxalic acid. 

[0023] The components of drainage and retention aids according to the invention can be added to the stock in con- 
ventional manner and in any order. When using an anionic microparticulate material, it is preferred to add the hydro- 

10 phobe substituted, cationic or amphoteric polysaccharide to the stock before adding the microparticulate material, even 
if the opposite order of addition may be used. It b further preferred to add the polysaccharide before a shear stage, 
which can be selected from pumping, mixing, cleaning, etc., and to add the anionic particles after that shear stage. 
When using an LMW cationic organic polymer and/or an aluminium compound, such components are preferably in- 
troduced into the stock prior to introducing the polysaccharide and anionic microparticulate material, if used. Altema- 

15 tiveiy, the LMW cationic organic polymer and polysaccharide can be introduced into the stock essentially simultane- 
ously, either separately or in admixture, e.g. as disclosed in U.S. -A- 5,858,174. 

[0024] The dry strength agent and drainage and retention aid(s) according to the invention are added into the stock 
to be dewatered in amounts which can vary within wide limits depending on, inter alia, type and number of components, 
type of furnish, filler content, type of filler, point of addition, salt content, etc. Generally the component(s) are added in 

20 an amount that give better paper dry strength and/or drainage and/or retention than is obtained when not adding the 
component(s). The hydrophobe substituted, cationic or amphoteric polysaccharide is usually added in an amount of 
at least 0,01%, often at least 0,1% by weight, based on dry stock substance, and the upper limit is usually 10% and 
suitably 2% by weight. When using an anionic microparticulate material, it is usually added in an amount of at least 
0.001% by weight, often at least 0.005% by weight, based on dry substance of the stock, and the upper limit is usually 

25 1 .0% and suitably 0.6% by weight. When using anionic silica-based particles, the total amount added is suitably within 
the range of from 0.005 to 0.5% by weight, calculated as Si0 2 and based on dry stock substance, preferably within 
the range of from 0.01 to 0.2% by weight. When using an LMW cationic organic polymer in the process, it can be added 
in an amount of at least 0.05%, based on dry substance of the stock to be dewatered. Suitably, the amount is in the 
range of from 0.07 to 0.5%, preferably in the range from 0.1 to 0.35%. When using an aluminium compound in the 

30 process, the total amount introduced into the stock to be dewatered is dependent on the type of aluminium compound 
used and on other effects desired from it. It is for instance well known in the art to utilise aluminium compounds as 
precipitants for rosin-based sizing agents. The total amount added is usually at least 0.05%, calculated as Al 2 O a and 
based on dry stock substance. Suitably the amount is in the range of from 0.5 to 3.0%, preferably in the range from 
0.1 to 2.0%. 

35 [0025] The process of the invention is preferably used in the manufacture of paper from a suspension containing 
cellulosic fibers, and optional fillers, having a high conductivity. The conductivity of the stock that is dewatered on the 
wire is at least 0.75 mS/cm. suitably at least 2.0 mS/cm, preferably at least 3.5 mS/cm. Very good drainage and retention 
results have been observed at conductivity levels above 5.0 mS/cm and even above 7.5 mS/cm. Conductivity can be 
measured by standard equipment such as, for example a WTW LF 539 instrument supplied by Christian Berner. The 

40 values referred to above are suitably determined by measuring the conductivity of the cellulosic suspension that is fed 
into or present in the headbox of the paper machine or, alternatively, by measuring the conductivity of white water 
obtained by dewatering the suspension. High conductivity levels mean high contents of salts (electrolytes), where the 
various salts can be based on mono-, di- and multivalent cations like alkali metals, e.g. Na + and K + . alkaline earths, 
e.g. Ca 2+ and Mg 2+ , aluminium ions, e.g. Al 3+ , AI(OH) 2+ and polyaluminium ions, and mono-, di- and multivalent anions 

45 like halides, e.g., Ch, sulfates, e.g. S0 4 2 ' and HS0 4 \ carbonates, e.g. C0 3 2 " and HC0 3 -, silicates and lower organic 
acids. The invention is particularly useful in the manufacture of paper from stocks having high contents of salts of di- 
and multivalent cations, and usually the cation content is at least 200 ppm, suitably at least 300 ppm and preferably 
at least 400 ppm. The salts can be derived from the cellulosic fibres and fillers used to form the stock, in particular in 
integrated mills where a concentrated aqueous fibre suspension from the pulp mill normally is mixed with water to form 

so a dilute suspension suitable for paper manufacture in the paper mill. The salt may also be derived from various additives 
introduced into the stock, from the fresh water supplied to the process, or be added deliberately, etc. Further, the 
content of salts is usually higher in processes where white water is extensively recirculated, which may lead to con- 
siderable accumulation of salts in the water circulating in the process. 

[0026] The present invention further encompasses papermaking processes where white water is extensively recir- 
55 culated (recycled), i.e. with a high degree of white water closure, for example where from 0 to 30 tons of fresh water 
are used per ton of dry paper produced, usually less than 20, suitably less than 15, preferably less than 1 0 and notably 
less than 5 tons of fresh water per ton of paper. Recirculation of white water obtained in the process suitably comprises 
mixing the white water with cellulosic fibres and/or optional fillers to form a suspension to be dewatered; preferably it 
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comprises mixing the white water with a suspension containing celluiosic fibres, and optional fillers, before the sus- 
pension enters the forming wire for dewatering. The white water can be mixed with the suspension before, between 
simultaneous with or after introducing the drainage and retention aids, if used: and before, simultaneous with or after 
introducing the polysaccharide. Fresh water can be introduced in the process at any stage; for example, it can be mixed 
5 with celluiosic fibres in order to form a suspension, and it can be mixed with a suspension containing celluiosic fibres 
to dilute it so as to form the suspension to be dewatered, before or after mixing the stock with white water and before, 
between, simultaneous with or after introducing the components of drainage and retention aids, if used; and before, 
simultaneous with or after introducing the polysaccharide. 

[0027] Further additives which are conventional in papermaking can of course be used in combination with the ad- 

10 drtives according to the invention, such as, for example, additional dry strength agents, wet strength agents, sizing 
agents, e.g. those based on rosin, ketene dimers and acid anhydrides, optical brightening agents, dyes, etc. The 
celluiosic suspension, or stock, can also contain mineral fillers of conventional types such as, for example, kaolin, china 
clay, titanium dioxide, gypsum, talc and natural and synthetic calcium carbonates such as chalk, ground marble and 
precipitated calcium carbonate. 

15 [0028] The process of this invention is used for the production of paper. The term "paper", as used herein, of course 
include not only paper and the production thereof , but also other sheet or web-like products, such as for example board 

andi>aperboard r and4he^roduction4^ 

of suspensions of cellulose-containing fibres and the suspensions should suitably contain at least 25% by weight and 
preferably at least 50% by weight of such fibres, based on dry substance. The suspensions can be based on fibres 

20 from chemical pulp such as sulphate, sulphite and organosolv pulps, mechanical pulp such as thermomechanical pulp, 
chemothermomechanical pulp, refiner pulp and groundwood pulp, from both hardwood and softwood, and can also be 
based on recycled fibres, optionally from de-inked pulps, and mixtures thereof. The invention is particularly useful in 
the manufacture of paper from suspensions based on pulps comprising recycled fibres and de-inked pulp, and the 
content of celluiosic fibres of such origin can be up to 1 00%, suitably from 20 to 100%. 

25 [0029] The invention is further illustrated in the following Examples which, however, are not intended to limit the 
same. Parts and % relate to parts by weight and % by weight, respectively, unless otherwise stated. 



Example 1 

30 [0030] Cationised polysaccharides were prepared by reacting native potato starch with a quatemising agent accord- 
ing to the general procedure described in EP-A- 1 89 935. The quatemising agents are commercially available from for 
example Degussa, or were prepared according to the general procedure described in U .S. -A- 5,463,127. The starches 
were dissolved in water and used as 0.5% aqueous solutions. 

[0031] Polysaccharides according to the invention, P1 to P3, and polysaccharides intended for comparison purposes, 
35 Ref . 1 and Ref . 2, were prepared from the following starting materials: 

•f 

P1 : Cationised starch obtained by quarternisation of native potato starch with 3-chloro-2-hydroxypropyl dimethyl 

benzyl ammonium chloride to 0.8% N. 

P2: Cationised starch obtained by quarternisation of native potato starch with 3-chloro-2-hydroxypropyl dimethyl 
40 benzyl ammonium chloride to 1 .3% N. 

P3: Cationised starch obtained by quarternisation of native potato starch with 3-chloro-2-hydroxypropyl dimethyl 
octyl ammonium chloride to 0.9% N. 

Ref. 1 : Cationised starch obtained by quarternization of native potato starch with 3-ch I oro-2-hydroxy propyl trimethyl 
ammonium chloride to 0.8% N. 
45 Ref. 2: Cationised starch obtained by quarternization of native potato starch with 2,3-epoxypropyl trimethyl ammo- 
nium chloride to 1.3% N. 

Example 2 

so [0032] Drainage performance was evaluated by means of a Dynamic Drainage Analyser (DDA), available from Akribi, 
Sweden, which measures the time for draining a set volume of stock through a wire when removing a plug and applying 
vacuum to that side of the wire opposite to the side on which the stock is present. First pass retention was evaluated 
by means of a nephelometer by measuring the turbidity of the filtrate, the white water, obtained by draining the stock. 
[0033] The furnish used was based on 56% by weight of peroxide bleached TMP/SGW pulp (80/20), 14% by weight 

55 of bleached birch/pine sulphate pulp (60/40) refined to 200° CSF and 30% by weight of china clay. To the stock was 
added 40 g/l of a colloidal fraction, bleach water from an SC mill, filtrated through a 5 jim screen and concentrated 
with an UF filter, cut off 200,000. Stock volume was 800 ml and pH about 7. Calcium chloride was added to the stock 
to adjust the conductivity to 5.0 mS/cm (Test Nos. 1-3), and 7.5 mS/cm (Test Nos. 4-6). 
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[0034] The stock was stirred in a baffled jar at a speed of 1 500 rpm throughout the test and chemicals additions were 
conducted as follows: i) adding polysaccharide to the stock following by stirring for 30 seconds, ii) adding anionic 
inorganic particles to the stock followed by stirring for 15 seconds, iii) draining the stock while automatically recording 
the drainage time. 

5 [0035] The polysaccharides used in the test series were P1 and Ret. 1 according to Example 1 . The anionic inorganic 
particles used were silica-based particles of the type disclosed in U.S. -A- 5,368,833. The sol had an S-value of about 
25% and contained silica particles with a specific surface area of about 900 rvP/g which were surface-modified with 
aluminium to a degree of 5%. 

[0036] Table 1 shows the dewatering and retention effect at various dosages of cationized starch, calculated as dry 
10 starch on dry stock system, and silica-based particles, calculated as Si0 2 and based on dry stock system. 



Table 1 



15 



20 



Test 


Starch Dosage [kg/ 


Si0 2 Dosage [kg/ 


Dewatering time 


Turbidity 


No. 


tj 


t] 


[sec] 


[NTU] 








P1 


Ret. 1 


P1 


Ref.1 


1 


7.5 


3 


17.0 


20.6 


51 


61 


2 


10 


3 


16.0 


20.0 


54 


54 


3 


15 


3 


15.0 


21.0 


48 


52 


4 


7.5 


1.5 


18.1 


22.3 


53 


64 


5 


10 


1.5 


16.6 


22.1 


55 


60 


6 


15 


1.5 


15.5 


24.0 


50 


58 



25 Example 3 

[0037] In this test series, dewatering performance was evaluated according to the procedure described in Example 2. 
[0038] The furnish was the same as used in Example 2. Stock volume was 800 ml and pH about 7. Calcium chloride 
was added to the stock to adjust the conductivity to 1 .5 mS/cm (Test Nos. 1 -3); 3,5 mS/cm (Test Nos. 4-5); and 5.0 
30 mS/cm (Test Nos. 6-7). 

[0039] The polysaccharides used for in the test series were P2 and Ref. 2 according to Example 1 . The anionic 
inorganic particles according to Example 2 were similarly used in this test series. 

[0040] Table 2 shows the dewatering effect at various dosages of drainage and retention aids, calculated as dry 
starch and Si0 2 on dry stock system. 

35 

Table 2 



Test No. 


Starch Dosage [kg/t] 


SiO z Dosage [kg/t] 


Dewatering time [s] 


P2 


Ref. 2 


1 


0 


0 


22.5 


22.5 


2 


5 


3 


16.3 


18.0 


3 


10 


3 


10.3 " 


10.7 


4 


5 


3 


11.6 


13.4 


5 


10 


3 


9.9 


10.4 


6 


5 


3 


13.1 


17.9 


7 


10 


3 


10.8 


15.0 



Example 4 

50 

[0041] In this test series, the dewatering effect was evaluated according to the procedure described in Example 2 
except that the drainage and retention aids also comprised a low molecular weight cationic polyamine; ATC. The 
polyamine was added to the stock followed by stirring for 30 seconds before addition of cationized polysaccharide and 
then anionic inorganic particles. 
55 [0042] The furnish used was based on 70% deinked pulp, 15% by weight of peroxide bleached TMP/SGW pulp 
(80/20), and 15% by weight of bleached birch/pine sulphate pulp (60/40) refined to 200° CSF. Stock volume was 800 
ml and pH about 7. Calcium chloride was added to the stock to adjust the conductivity to 1.0 mS/cm (Test No. 1), 2.0 
mS/cm (Test No. 2), 4.0 mS/cm (Test Nos. 3-4) and 7.5 mS/cm (Test No 5). 
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[0043] The polysaccharides used for in the test series were P1 , P2, Ref . 1 and Ref. 2 according to Example 1 . The 
anionic inorganic particles according to Example 2 were similarly used. 

[0044] Table 3 shows the dewatering effect at various dosages of drainage and retention aids, calculated as dry 
polyamine, starch and Si0 2 on dry stock system. 



Table 3 



Test No. 


ATC Dosage [kg/t] 


Starch Dosage [kg/ 
t] 


Si0 2 Dosage [kg/t] 


Dewatering time [s] 


P1 


P3 


Ref. 1 


Ref. 2 


1 


3 


2.5 


3 


12.1 




13.2 




2 


3 


2.5 


3 


12.3 


12.9 


13 




3 


3 


2.5 


3 


13.3 


13.9 


14.5 




4 


3 


5 


3 


11.6 


12.8 


13 




5 


3 


7.5 


3 




13.8 




16 



Example 5 

[0045] Dry strength performance was evaluated with a Dynamic Sheet Former (Formette Dynamique), supplied by 
Fibertech AB, Sweden, and a Tensile Strength Tester supplied by Lorentzen & Wettre, Sweden. Dewatering effect was 
evaluated according to the procedure described in Example 4. 

[0046] The furnish according to Example 2 was used. Stock consistency was 0.3%. Conductivity of the stock was 
adjusted by addition of calcium chloride. Additives and order of addition according to Example 4 were used in this test 
series. The polyamine was added in an amount of 3 kg/ton, calculated as dry polyamine on dry stock system. The 
silica-based particles were added in an amount of 3 kg/ton, calculated as SiO s and based on dry stock system. 
[0047] Paper sheets were formed in the Dynamic Sheet Former by adding the chemicals to the stock in the mixing 
chest, pumping the stock through a traversing nozzle into the rotating drum onto the water film on top of the wire, 
draining the stock to form a sheet, pressing and drying the sheet. The sheets were cut into strips that were evaluated 
in the Tensile Strength Tester. The square mean value of the tensile strength index of the machine and cross direction 
ot the paper sheets was calculated and compared. 

[0048] Table 4 shows the dewatering time and tensile strength of the sheets obtained at various starch dosages, 
calculated as dry starch on dry stock system. 



Table 4 



Test No. 


Conductivity [mS/ 
cm] 


Starch Dosage [kg/ 
t] 


Dewatering time [sec] 


Tensile Strength [kNm/kg] 


P2 


Ref. 2 


P2 


Ref. 2 


1 


2.5 


5.0 


7.9 


8.4 


36.0 


35.2 


2 


5.0 


5.0 


8.6 


11.3 


36.1 


35.8 


3 


10.0 


5.0 


11.1 


13.0 


35.3 


35.0 


4 


10.0 


10.0 


13.3 


15.1 


36.5 


34.0 



Claims 

1. A process for the production of paper from a suspension containing cellulosic fibres, and optional fillers, comprising 
adding to the suspension a drainage and retention aid comprising a cationic or amphoteric polysaccharide, forming 
and dewatering the suspension on a wire, characterised in that the polysaccharide has a hydrophobic group 
which comprises an aromatic group, and that the suspension that is dewatered on the wire has a conductivity of 
at least 0.75 mS/cm. 

2. A process for the production of paper from a suspension containing cellulosic fibres, and optional fillers, comprising 
adding to the suspension a drainage and retention aid comprising a cationic or amphoteric polysaccharide and a 
component selected from anionic microparticulate materials, water-soluble anionic vinyl addition polymers and 
combinations thereof, forming and dewatering the suspension on a wire, characterised in that the polysaccharide 
has a hydrophobic group comprising an aromatic group orthe polysaccharide has the general structural formula (I): 
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Ri (0 
I X 

P-<-A-N*-R 2 ) n 
5 I 

wherein P Is a residue of a polysaccharide; A Is a group attaching N to the polysaccharide residue; R n and R 2 are 
to each H or alkyl having from 1 to 3 carbon atoms; R 3 is a hydrophobic hydrocarbon group containing at least 2 

carbon atoms; n is an integer from 2 to 300,000, or, alternatively, R v R 2 and R 3 together with N form an aromatic 
group containing from 5 to 12 carbon atoms; and X" is an anionic counterion, and that the suspension that is 
dewatered on the wire has a conductivity of at least 0.75 mS/cm. 

*5 3. a process according to claim 2, characterised in that the hydrophobic group comprises an aromatic group. 

4. A process according to claim 1 , 2 or 3, characterised in that the hydrophobic group is a benzyl group. 

5. A process according to claim 2, characterised In that the hydrophobic group comprises an alkyl group. 

6. A process according to claim 5, characterised in that the hydrophobic group is butyl, pentyl, hexyl, octyl or decyl. 



20 



25 



7. A process according to any one of the preceding claims, characterised in that the hydrophobic group contains 
from 4 to 14 carbon atoms. 

8. A process according to any one of the preceding claims, characterised in that the hydrophobic group contains 
from 6 to 1 2 carbon atoms. 

9. A process according to any one of the preceding claims, characterised in that the polysaccharide is selected 
so from starches and guar gums. 

10. A process according to any one of the preceding claims, characterised in that the polysaccharide contains one 
or more anionic groups. 

35 11. A process according to any one of the preceding claims, characterised in that the polysaccharide is added in an 
amount of at least 0.1 % by weight, based on dry stock substance. 

12. A process according to any one of the preceding claims, characterised in that the drainage and retention aid 
comprises an anionic microparticulate material. 

40 

1 3. A process according to claim 1 2, characterised in that the anionic microparticulate material is selected from silica- 
based particles or bentonite. 

14. A process according to claim 12 or 1 3, characterised in that the anionic microparticulate material is selected from 
« silica-based particles having a specific surface area above 50 mZ/g. 

15. A process according to any one of the preceding claims, characterised in that the drainage and retention aid 
further comprises a low molecular weight cationic organic polymer. 

so 16. A process according to any of the preceding claims, characterised in that the suspension comprises recycled 
celluiosic fibres. 

17. A process according to any one of the preceding claims, characterised in that the suspension comprises de- 
inked pulp. 



55 



18. A process according to any one of the preceding claims, characterised in that the suspension that is dewatered 
on the wire has a conductivity of at least 2.0 mS/cm. 
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19. A process according to claim 1 8, characterised in that the suspension that is dewatered on the wire has a con- 
ductivity of at least 3.5 mS/cm. 

20. A process according to any one of the preceding claims, characterised in that the process further comprises 
5 dewatering the suspension on a wire to obtain a wet web of paper and white water, recirculating the white water 

and optionally introducing fresh water to form a suspension containing cellulosic fibres, and optional fillers, to be 
dewatered, wherein the amount of fresh water introduced is less than 30 tons per ton of dry paper produced. 



io Patentanspruche 

1 . Verfahren zur Herstellung von Papier aus einer-Suspension enthaitond Cellulosefasem und gegebenenfalls Full- 
stoffe, umfassend Zugeben eines Entwasserungs- und Retentionshilfsmittels, umfassend ein kationisches Oder 
amphoteres Polysaccharid, zu der Suspension, Formen und Entwassem der Suspension auf einem Papierma- 
15 schinensieb, dadurch gekennzeichnet, dass das Polysaccharid ein en hydrophoben Rest aufweist welchereinen 

aromatischen Rest umfasst, und dass die Suspension, welche auf dem Papiermaschinensieb entwassert wird, 
eine Leitfahigkeit von mindestens 0,75 mS/cm aufweist. 

Verfahren zur Herstellung von Papier aus einer Suspension enthaltend Cellulosefasem und gegebenenfalls Full- 
stoffe, umfassend Zugeben eines Entwasserungs- und Retentionshilfsmittels, umfassend ein kationisches oder 
amphoteres Polysaccharid und eine Komponente ausgewahlt aus anionischen mikropartikularen Materialien, was- 
serloslichen anionischen Vinyi-Additions-Poiymeren und Kombinationen davon, zu der Suspension, Formen und „. . 

Entwassem der Suspension auf einem Papiermaschinensieb, dadurch gekennzeichnet, dass das Polysaccharid 
einen hydrophoben Rest aufweist, umfassend einen aromatischen Rest oder das Polysaccharid besitzt die allge- 
meine Strukturformel (I): 



l x- 

" I ' " 

*. & 

wobei P der Rest eines Polysaccharids ist; A ein Rest ist, welcher N mit dem Polysaccharidrest verbindet; R n und 
R 2 jeweils H oder ein Alkylrest mit 1 bis 3 Kohlenstoffatomen sind; R 3 ein hydrophober Kohlenwasserstotfrest mit 
mindestens 2 Kohlenstoffatomen ist; n eine ganze Zahl von 2 bis 300,000 ist oder, in einer anderen Ausfiihrungs- 
form, R 1( R 2 und R 3 zusammen mit N einen aromatischen Rest mit 5 bis 12 Kohlenstoffatomen bilden; und X" ein 
anionisches Gegenion ist, und dass die Suspension, welche auf dem Papiermaschinensieb entwassert wird, eine 
Leitfahigkeit von mindestens 0,75 mS/cm aufweist. 

3. Verfahren gemaG Anspruch 2, dadurch gekennzeichnet, dass der hydrophobe Rest einen aromatischen Rest 
umfasst. 

45 4. Verfahren gemaG Anspruch 1 , 2 oder 3, dadurch gekennzeichnet, dass der hydrophobe Rest eine Benzylgruppe 
ist. 

5. Verfahren gemaG Anspruch 2, dadurch gekennzeichnet, dass der hydrophobe Rest einen Alkylrest umfasst. 

so 6. Verfahren gemaG Anspruch 5, dadurch gekennzeichnet, dass der hydrophobe Rest eine Butyl-, Pentyl-, Hexyl-, 
Octyl-, oder Decylgruppe ist. 

7. Verfahren gemaG einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass der hydrophobe Rest 
4 bis 14 Kohlenstoffatome enthalt. 

55 

8. Verfahren gemaB einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass der hydrophobe Rest 
6 bis 12 Kohlenstoffatome enthalt. 
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9. Verfahren gemaB einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass das Potysaccharid 
ausgewahft ist aus Starken und Guargummis. 

10. Verfahren gemaB einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass das Polysaccharid 
einen oder mehrere anionische Reste enthalt. 

11. Verfahren gemaB einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass das Polysaccharid in 
einer Menge von mindestens 0,1 Gew.-%, basierend auf der Trockenmassensubstanz, zugegeben wird. 

12. Verfahren gemaB einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass das Entwasserungs- 
und Retentionshilfsmittelein anionisches mi kropartiku lares Material umfasst. 

13. Verfahren gemaB Anspruch 12, dadurch gekennzeichnet, dass das anionische mikropartikulare Material aus- 
gewahtt ist aus Partikeln auf Siliciumdioxid-Basis oder Bentonid. 

14. Verfahren gemaB Anspruch 12 oder 13, dadurch gekennzeichnet, dass das anionische, mikropartikulare Material 
ausgewahtt ist aus Partikeln auf Siliciumdioxid-Basis mit einer spezifischen Oberflache von mehr als 50 n^/g. 

15. Verfahren gemaB einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass das Entwasserungs- 
und Retentions hilfsmrttel werterhin ein kationischesorganisches Polymer mit niedrigem Molekulargewicht umfasst. 

16. Verfahren gemaB einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass die Suspension dem 
Kreislauf wiederzugefuhrt Cellulosefasern umfasst. 

17. Verfahren gemaB einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass die Suspension deink- 
ten Faserstoff umfasst. 

18. Verfahren gemaB einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass die Suspension, wel- 
che auf dem Papiermaschinensieb entwassert wird, eine Lertfahigkeit von mindestens 2 : 0 mS/cm aufweist. 

19. Verfahren gemaB Anspruch 1 8, dadurch gekennzeichnet, dass die Suspension, welche auf dem Papiermaschi- 
nensieb entwassert wird, eine Lertfahigkeit von mindestens 3,5 mS/cm aufweist. 

20. Verfahren gemaB einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass das Verfahren weiter- 
hin Entwassern der Suspension auf einem Papiermaschinensieb, urn eine Papier-Nassbahn und Kreislaufwasser 
zu erhalten, Zuruckfuhren des Kreislaufwassers in den Kreislauf und gegebenenfalls Zufuhren von Frischwasser 
umfasst, urn eine Cellulosefasern und gegebenenfalls Fullstoffe enthaltende Suspension zu bilden, welche ent- 
wassert wird, wobei die Menge an zugefuhrtem Frischwasser geringer als 30 Tonnen pro Tonne hergestellten 
trockenen Papiers betragt. 



Revendications 

1. Proced6 de production de papier a partir d'une suspension contenant des fibres cellulosiques et d'6ventuelles 
charges, lequel precede comporte le fait d'ajouter a cette suspension un auxiliaire de drainage et de retention 
comprenant un polysaccharide cationique ou amphotere, et le fait de mettre cette suspension en forme et de 
Pepaissir sur une toile, caracterise en ce que ledit polysaccharide possede un groupe hydrophobe comportant 
un groupe aromatique et en ce que la suspension qui est Spaissie sur la toile pr^sente une conductivity d'au moins 
0,75 mS/cm. 

2. Procede de production de papier a partir d'une suspension contenant des fibres cellulosiques et d'evehtuelles 
charges, lequel procede comporte le fait d'ajouter a cette suspension un auxiliaire de drainage et de retention 
comprenant un polysaccharide cationique ou amphotere et un composant choisi parmi des materiaux anioniques 
en microparticules, des polymeres d'addition vinyliques anioniques et hydrosolubles et des combinaisons de tels 
materiaux, et lefait de mettre cette suspension en forme et de I'epaissir sur une toile, caracterise en ce que ledit 
polysaccharide possede un groupe hydrophobe comportant un groupe aromatique ou possede la formule struc- 
tural generate (I) : 
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i' 

p-<-a— tf— lyn x- CO 

dans laquelle P represente un residu de polysaccharide, A represente un groupe reliant I'atome d'azote au residu 
10 de polysaccharide, R 1 et R 2 representent chacun un atome d'hydrogene ou un groupe alkyle comportant 1 a 3 

atomes de carbone, R 3 represente un groupe hydrocarbone hydrophobe comportant au moins 2 atomes de car- 
bone, n represente un nombre entier valant de 2 a 300 000, ou bien , R 2 et R 3 representent, conjointement avec 
I'atome d'azote, un groupe aromatique comportant 5 a 12 atomes de carbone, et X" represente un contre-ion 
anionique, et en ce que la suspension qui est epaissie sur la toile presente une conductivity d'au moins 0,75 mS/ 
15 cm. 

3. Procede conforme a la revendication 2, caracterise en ce que le groupe hydrophobe comporte un groupe aro- 
matique. 

20 4. Procede conforme a !a revendication 1 , 2 ou 3, caracterise en ce que le groupe hydrophobe est un groupe benzyle. 

5. Procede conforme a la revendication 2, caracterise en ce que le groupe hydrophobe comporte un groupe alkyle. 

6. Procede conforme a la revendication 5, caracterise en ce que le groupe hydrophobe est un groupe butyle, pentyle, 
25 hexyle, octyle ou decyle. 

7. Procede conforme a I'une des revendications precede ntes, caracterise en ce que le groupe hydrophobe comporte 
4 a 14 atomes de carbone. 

30 8. Procede conforme a Tune des revendications precedentes, caracterise en ce que le groupe hydrophobe comporte 
6 a 12 atomes de carbone. 

9. Procede conforme a I'une des revendications precedentes, caracterise en ce que le polysaccharide est choisi 
parmi les amidons et les gommes de guar. 

35 

10. Procede conforme a I'une des revendications precedentes, caracterise en ce que le polysaccharide comporte 
un ou plusieurs groupes anioniques. 

11. Procede conforme a I'une des revendications precedentes, caracterise en ce que le polysaccharide est ajoute 
40 en une quantite qui represente au moins 0,1 % du poids de matieres seches de la pate. 

12. Proced6 conforme a I'une des revendications precedentes, caracterise en ce que I'auxiliaire de drainage et de 
retention comprend un materiau anionique en microparticules. 

45 13. Proced6 conforme a la revendication 12, caracterise en ce que le materiau anionique en microparticules est 
choisi parmi de la bentonite et des particules a base de siiice. 

14. Procede conforme a la revendication 12 ou 13, caracterise en ce que le materiau anionique en microparticules 
est choisi parmi des particules a base de siiice dont I'aire specifique vaut plus de 50 nr^/g. 



50 



15. Procede conforme a I'une des revendications precedentes, caracterise en ce que I'auxiliaire de drainage et de 
retention comprend en outre un polymere organique cationique afaible masse moleculaire. 

16. Procede conforme a I'une des revendications precedentes, caracterise en ce que la suspension contient des 
fibres cellulosiques recyclees. 

17. Procede conforme a Tune des revendications precedentes, caracterise en ce que la suspension contient de la 
pate desencree. 
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18. Procede confomne a Tune des revendications precedentes, caracterise en ce que la suspension qui est epaissie 
sur la toile presente une conductivity d'au molns 2,0 mS/cm. 

1 9. Procede conforme a la revendication 1 8, caracterise en ce que la suspension qui est epaissie sur la toile presente 
une conductivity d'au moins 3,5 mS/cm. 

20. Procede conforme a Tune des revendications precedentes, caracterise en ce que ie procede comporte en outre 
le fart d'epaissir la suspension sur une toile, de maniere a obtenir une bande humide de papier et de I'eau blanche, 
et le fait de recycler cette eau blanche, en y ajoutant eventuellement de I'eau neuve, pour former une suspension 
a epaissir contenant des fibres cellulosiques et d'eventuelles charges, la quantite d'eau neuve ajoutee valant moins 
de 30 tonnes par tonne de papier sec produite. 
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